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(57)Abstract: 

PROBLEM TO BE SOLVED: To appropriately control the 
actual floor reaction by detecting the actual floor reaction to 
calculate the moment around the center point, determining 
the amount of rotation to correct the target position and/or 
posture so that the position and/or posture of the leg part is 
rotated, and to displace the joint of a robot. 
SOLUTION: A two-foot walking robot 1 is provided with a 
joint on a leg part link 2. A six-axis force sensor 44 is 
mounted on a foot joint, the three- direction components of 
the force and the moment are measured, and presence/ 
absence of landing of a foot part and the floor reaction are 
detected. An inclination sensor 60 is installed on an upper 
body 24 to detect the inclination and the angular velocity. A 
rotary encoder to detect an amount of the rotation is 
provided on an electric motor for a joint. First and second 
arithmetic units are provided in a control unit 26, and the first 
arithmetic unit calculates the angular displacement command 
of the joint, and feeds it to a RAM. The second arithmetic 
unit reads the measured value to detect the command from 
the RAM, calculates the control value, and outputs it to the electric motor. The floor reaction can be 
appropriately controlled without generating the interference. 
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©14R. 14L. «»©0-^(OMil6R, 1 
6L> JSlf©P-Jl/^(aJ©Mie 1 8R, 18L. Hfcfy 
*-#|fiJ©H»2 0R, 2 0L*>6«teS3ti5. 
[0 05 8 ] Hgp 1 8 R ( L) , 20R(L) ©TSIWC 
(J£SP) 2 2R, 2 2L**Bat3ftS£ft«: % « 



11 

^Dn>f a -**»6ttSWlSP^-y h 2 6 (ftiE) & 

ffi) KHflfl OR (L> . 12R(L), 14R (L) 
SMgS (SUM®) Bfflgpl 8R (L) , 2 OR 
<L) *>fc«teS3ft*. *fcHHfdfil«H»i«*»y 
>^2 8R, 2 8U KH»4aH®<bttTHy>^3 

o r, 3 o Ltussns. 

C0 0 5 9 ]±E(D«^Cj:0 k «W U > * 2 tt;fe&© 

cne>cD6 *2 = i 2ffl©iJBfls*aDi[aftffl["cKttra 

[0 060]^ c©B^ffl*ri*ai-r *±f*^f±Ste J: 

[0 0 6 1 )11 &C^T£n< , J£W«<DT#tett£i*n© 
6*fcfc^>1f4 4#aX»3n, *CD3^^Fx, F 
y, Fzi^^>h(D3^JS»Mx, My, Mzi 

&i**«mj"TSo ±#2 4*c»«$4-fe>lf 6 0# 

tt, ^(DSfii*tffi 1 1> n - ^ V x > 3 ^ ^ t ^ 6 
[0 06 2 ] H2CC^TJ:0CC, J£¥2 2R (L) <D± 

Aa£*e>asjajs»tt»3 4*ste6tis. tfta»»3 

2ttft#Wtc« k JE^P2 2R (L) KflK0tfW&ftfc:fr 
mk<DJ3J F3P»i. Slrra® 1 8R (L) *sj:tf6«i 
^•fe>-9-4 4WJCc8(t)ffW6n, HUtB^-Y FSW^Sff 

[0 06 3 ] H*GC5liKr^3ft7dS¥2 2R (L) 
«»Si^*««3 2 ±Sfi3S1§:tt3 4»b^, JE¥ 

«FH¥5 - 3 0 5 5 8 4#CCBB«3tin*S©r l SMffi 

[0 06 4] EfiC, Ef ir«0^*#BSTS^ 
fra#* h l.<Djffi|[3ttf4»cB^a>f ^6 2# 

*>tcffif&$tiZ> 0 

[0 06 5 ] H3 «»JfflI^r. 7h26 (Dmm^^r^n 
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*^0rRAM7 4CCjS6tl-5„ $fc#Mfr=e~ #CC|» 
«LTiB«Sn4x>3-y<Dffi*{i*^>*7 6£:ft 

[0066] mm^y hrtccttcpu*6&*«ri , 

^2CDiHff^g8 0, 8 2#8W6ftTfc9, m<DSt 

0Bf*i6©Aq<, ROM 8 4Cc«fflsnr^S 
10 ^(cat^ir^(D*p<l«fflsft*fi[t&^**fflo, R 

AM7 4*CjSSffi-r£o 3Sfc»2©S»»I8 2»RAM 

£ if - * :r > l r &m m * mm r & m m * - * c c 

[0 0 6 7 ] c cr\ c<DHJ*ffl#fcj:o'g|ffiT^ffl-rs 

8I¥8 - 2 1 4 2 6 1 -*f ) T'fgffl L/tS«^5 ) e 
20 [0 06 8] r^gfj hI?tCfcW5- JSW 

[0 0 6 9] SWteB. Ilf^ot^, SnWJCfp 
ffl-r5*S***nfiWRS*£C^ (n : 1 ifctt 
30 2 G (aTRIC) o ^WCCfffflf *fla5**-&J5KOfcfc© 

[0070] S¥flas*tt<m^£*c:cc3^frs*t^ 

co^-y > McJ;^rgiJI$*-i s III— ©JS¥«5WC*f 
KtiBttS t> 0 <D^Srl^< > h 0 r^of^p 

40 *^IJ^«* b tc'&m-? -5«fH¥ 6 -7 9 6 5 7 ^Wi 

[0071] mmic, ^mKMtftm&t^cfcfrfrz 

[0 0 7 2] *fl5S*(3[)B«ffl*a«^CRS*£0^. 

50 ^wecTff-rs^BRs^r**. fie^r, Mfir, 
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JSJg2HM>j6«. itZMPKHRTS. 
[0 073]^ ^(Cin/a^C 1SZMP (Ze 
no Moment Point ) it*A<D J; 5 (C^tt§tlS„ BP%, @ 

sauto* * - > «c <t o r £ tttfcfr £ mtxo&jj z 

f0)S4llZMP (Zero Moment Point) £1^-5. @tl 

raK#»6*i£. «T©i&Bj-ctt, jsbo -raft: 

is6iC, ItZMPiO^fi^fll^il^fe^S^ jgg 10 

[0 0 7 4] *S¥J*^©g*tt*S#&JS¥5KE3j 
£l>5. ffiU S*£*K# BMSIlfr^* 

[0 0 7 5] c c-c, C<D^©SS(c-3t>t:Si»f -5 
^•7 >f T >XiWrcimW&igi£^tt£»-5 C £#5ffl 20 

[0076] *©w«^*5fe©ia4 o icmTtm-emw 

Mi, C©*-y> h£ OK L,£5<t Sfll Jilt £04 3 30 
tc^r-TJ:5ic[5|K3-ti'2> 0 

[0077] tsfeb&tffe. slr©lilfg(Ccfc-or. 01 

S 5 F©^^ifia^*< &5©-C, m 1 S¥J5RJS^j©lfl 
tIZMP) St>0©^*^*-^> hJ&s^fc-T*. 

[0 07 8] I^t, £#a>:/^--f T>XiMWCcfc.5 

T^^jtL/^c^-c, mm=»y'^-<r>^mm^, js 40 

£. BS^flag^Jtf'C^ (ilZMP) *fo"5©*£0c 
Sg#s£D-5 0 

[0 07 9] tMKjhtS^ao^ioilt, WW 
C £ tc J; 1 X=?m L & t» <£ 5 tC-T -S C £##* 6*1-5 
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[0080] 35 fc> 04 3 CC^-Tt^rtt, 0 1 

-c. *ije¥tt. aw^SADfeoass^^itfs^* 

r*-5. ■€•*!«: *>*>j5p*d6-T< Sf3>^7 -^T>XfM 
7-C7>X i(BK*saWK:fPffl L T <,>&(,>£ "I-;*. -5 . 

[o o 8 i ] «±©j;S(c, jsir3>^^T>^w» 

[0 0 8 2 ] S^ot, 3S56©0J!S(c^-5SlgK:*3t>T 

£. @a^^«js^j*^**5<p©nss^s^* 

[0 0 8 3 ] ^tlKi-jtA^W^^MM 

Lfc^-CPiP^ h4*Mf«^§l±-5J:S{cbfc. 
[0 084] 04«, C © JUfi©f5M(C^ -5 m^MWl a 
y h ©ftlJSU^g (±iL-ta3©»l ©vH#^g 8 0 

tcffis) (Dnmte.kvmi'pzmmmcmTT'n •? fit 
-r-5„ 

[0 08 5 ] CCD«Bt**«*JSS«***, 
S^Diii , SW^PIsS^ **jS (SSZMP) J: 

[0 08 6] C©**fi©Ji5MiC4Jt,^t:^4.E£g*Sffi* 

SlZMPiC-tfS. 
[0 0 8 7] i5(CP*'^ h 1 *^itfe^'ff-?"-5£^© 

a#jBtt-'<*->©— w*svr. c*i«:wjs-r*g«z 

1^, ^*J^©S^tt3feKjBfiUfc«tKJP8 - 2 1 4 
2 6 l-^{Ci¥*ffliC^6*lTC=«5©-C\ CtlVL±.<DmW 

[0 08 8 ] H4 ©I^BJicM?. £ . c ©«an*S#J«JS 

(BtZMP) £a«JETfiKK-^**ttA*i 
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(omm ■ mm (wlb> ^ftB^ja*wjit£j#»i©$«>#> 

6 0 . isecT' $> £ ft £' ) Sr £ ©«$R i> i&g(C j£ D T 9 j£ 
if. 

[0 0 8 9 ] H5{c^r<fc5tt#£HC*tt/r, 



tK, emu 2 ja^ms* tfi^tio * s # \m ft 

^ft-r-s. 

) ^ftdd^w-rB, suss i ja^fRSA*^ 
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*B, -JSiStdie^iK^ttTS. 

[0090] cn6*fl=*«S"r*B«iii 1 

^'CwStti*© ^^A-^f-h*®8dC, 2 JB¥ 

mixt)cp>L\i?MM<D % 4 A • * + - F 4H 9 (c^-T. 
(86. COHTBS-ar <l»«l 8. 20R (L) ) 
¥2 2R (L) ^©SB&I5.£4m>££U ilK^t 

©JECloJ^iCiS,, 

[0 09 1 ] S«flcK2tfMBBtt. IK. tfBKrCB* 
let? £b§ 0 

[0 0 9 2 ] ^CSC*fflC»r JJBOJ: 5 KR^SftfcBW 
[0093] 



P©SB») / (g«*lS¥J5KS^C.\*£@S»2JE^S^;tti.C\^©ffiilt) 

• • -SI 



[0094] c©£ 5 {c*»fcaa»jaT*s*t**i* 
wcc^f t-r 5 or. «aw>^>sc t, >#ff zmm? & tabic 

a« (WHWe -79 65 7^) (dSaStlTHS. 

[0095] 04 (omNtrnz t . c ©gi»^t 

©■fe>-^ffffioc»-3^-cn^y F©tftSB4ti^U ti« 30 

^BiliLLrt,^i#^<t(CBf^Kfi-r-5^{43> hD- 
SCi^t^fcilt*,, n^r^ h ©&a • 4g»Bi&T 



[0096] ^(Dmm^sMm^Mit^M^tc 

[0097]^, i^MtaiHv t-<DBm#mms.t) 
b, mmttMk<mfxJj itt, 5feKi^csszMP(DS 

>Kio r»£-r Stttt* il^i £ B**W»K#©£ 
■=&-y>F#s> ise«i*to!3©fig^*^i»r^r*5& 



40 



50 



[0 09 8] feU C3iJ?!» F 1 J&s^HlHfc-C&o-C, ^ 

WM 3 2 *s cfcO*J£Js3¥tt# 3 4 ©fcbMC J; o "C* D 6 
P*'y b^#©fiS • g£S£©gS«&W&fltt&B, «T©6 

p) *^<fcotefra#**>«5iae (sn^. 

*-F2) g«^J5^*^. OtSZMP) **^£ 
■=&-K3) B«^flcS**'C>jS (B*ZMP) 4^0 i 

*- f 5 ) ttmmimti 

*- F 6 ) ±TW#8&ffift 
[0 10 0] C©rtr\ •=e-F4£*— F5B> S¥© 
Bfc^1« 3 2feJ: y'5¥ttf* 3 4 3&s«rate6^i©^»f 

*4§wrfct5tfc ijcfco-r^i-rsfe©^*. B 

*am«3 2 4sJ;D i; 'SJS?*tt{*3 4BM»r^|6]©Wtt^ 
t^cfc^KM^T-S©-C\ C ©JgtlBffiJ&T ^i>* < . 

[0 1 0 1 ] 3S»3 4 Sfijg©rt, F3 4^&- F 6 B 

C ©«H^(cii:^©Mig4W L c »ot? . c ©nss©^si 
fci;o*«ai-r-S*2©J|]te©ff^-rB- ; e- F l F 

2(c3sf-T-S$lJP/cW4tT J 5 C44-T-5. •=&- F 1 <h*- 
F 2 Cc>Pt-T ZfflfflM , CWJ:^>i{it^ i'©«-& a # 



(10) 
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v h#H&©-r-5©-C\ SSStt@«&Til5C\ ft, M3<D * 

[0102]*-F1 ^rr4fcS>©awt»tt. M« 

^S^3<Dtt^$4 (X|») £to«3*-y> rJ&#r& 

©JtR*W*. c©3ttfe©J®R (feJ;[;S2 0ii©«I) 

■cBH^ixDror^. io 

[01031185, «»t*;fc©5eaK:fi£5. BPS. fi«3r 
fls^©*-^ > rl$#**i«£flc^*-y> rMd 
md (»U<ttg«^J*S*«P** (BWZMP) £to* 

Mcfrndx = - Kthx0 errx - Kwx (dd errx 
Mdmdy = - Kthyf? erry - Kwy (d6>erry 

CCt, Kthx, Kthy, Kwxfci^KwyH, 
[0105] «^S«^3;/:/^T>*ttfefc5£aB 

[0106] S 4 ©giB^KMS <b , £©i£g«Ji#J£¥ 

flss#ftffi»*flte.. n#s¥)*js^^aiii*, 6«* 

-fe>lr4 4 Jcfc o-CHSJE^*Jg^ (*©^J#SH£I* 
BS3ftfcJ£«^K^T£#JS¥©ffi*H&g • 

[0107] C©JIS«njN-? h^fSJ^^JU 

-c£>£t§^(U*, §l»»afttt— «W«:#£3. 
[0108] C©^©^J8"C«a!**-??-.f ?7,<DM 

ft. BPfe. D^'^KiJft^HJ, B«±f*ft«-« 40 

smm ■ g&mM) zajjl, *n6*6 1 2m<Dmm 
( 1 or (D Kg) <mmsffla§ («) *#h»- 

■So 

[0109] c©sigti^tt=i> ha-? (mzLtcm 

rUcffisnfcRlfflKttJS^ (fit) 

n © 1 2W®ms<D&&&mmm-s-z. 



50 



«3©ffi«^JS7J^e-^> f-Mdmd) ±t,»5. 
±#[S|* Z #Cc i <o > hi j£2p©s.lfBT©0R®±©jS 

0, fig, AfciW-j' > h UCCSSf rgfSti 
£&©£-r&„ Sfc, MdmdOXlSMMdmdx^ 
Yf&fr£ Mdmdy. Z^=SrMdm d z t&MTZ. 
±& 2 4 ©M&HBS ( BP *> , H±fM££4 - a *Lfctt* 
$4) 0 err ©XJ&5}£ 0 errx, Yfig^?:0errv, Cft£> 
©B^P^^-ffl^ (d0 errx / dt), (dflerry / dt)£fBKli 

[ 0 1 0 4 ] M d m d xfcitfM dmdy», 

5S©wai wj cc «£ o r sme $ n a . 

/ dt) 
/ dt) 

[0110] c©«gt*Hffia^3>^^i r T>x«)^ 

© 2 o©g3££jf§J£ Sti^i, g«S¥feg • 39Mft 
[0111] ^* 1 ) n sjs ; ? h ©fig • mmmWXDtcib 
S^j (t-»FMdmd) i B«^J*S*©^*tcifl 

[0112] g*2 ) SJEW^tttt^WtS-f Sfcfe 

k. r t saps* 0 awsja^ws^j*^* *> 0 ©*# 

[0 1 1 3] ft, WSTSi. a«tt**«5**fflMR 

^*s^7 1 Em±j%mjj<D&ii cc-g: $ -a ft *5 e. 

[0 114] ±ia*B9«i l/tl 1 070- • ^ + -r 
(^g|b 7 P - • + - V ) £#B2 L r C ©«B©»ft 

*mB^-rs 0 ft. H©£»{c«ES"r4«!ffl*tT5ia4i6 
g©flwasR*7j*-r. 

[0115] 5fefS 1 0(C*Jl>TSIg*t)]»MbL. s 1 
2?:ltS 1 4(CJ1^. 9 &#*f3*W--&. * 

^vSU«3iA^.«5 0ms CTiCC^gn. BP%. MttiaXB 
tt5 Omstft^ 

[0116] fo^ts 1 6 dcm^^om <o #to 0 
a, bp*>. s:^w©w f 3#tooa^s^*iJ8iTL', s^s 

nSi*«S 2 2(Cjttfi^(C, #^3ti-Si#l*S 1 
SKM-C^-^vt^-r^t^'/XL, S2 0tC^ 
rsS^ig^y-^fSSrr*. mffB©SP<, 
7^i-^(t Mtt^^y-^iJ^S^^^y-^ (ZM 
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[0117] Hl^T S 2 2 (Cat*, a«l*^©PP=HB£ 

i^. cct rmmi «x, y, z3£p H i seises r^j 

[01 18] ML>r S 2 4 dcMA.'CSn^S.W-^t}^ 
J:^>(c^f^o 08*5^0 9 (cjjrTJ: 5 io 

[oi 19] ii>ts 2 6ic^t?a#§jE¥i*J5;>j£ 
3£#> c ti« atMS^#ie»©M9rca$'<;fc3e i * 

[0 1 2 0 ] |H»TS 2 8{Cjt*. BuieLfc<tB4-t2>1f 
6 0^i'©m^^6±f*2 4<0iW«C£B#? h 1 ©tt 

[0121] s 3 o icji*, nsF? h l ©t£8§& 

(BIZMP) **>$©) tt«£JScKfc*-y>hMd 
mdx, Mdmdy S . B. ±{*{i^4* 3 

f&ta § ntc t ^mm^mt^m s tftKia Lfcs; 2 cc 

S£-5TM«^JS^-^> hMdmdx, Mdmdy 

[0122] *sc»r s 3 2 icmA-Tm^&w-mix^^ 

[0123] m^r S 3 4 (Cjt*. PSWfflKt^J d d b v 
te<££>*&JE¥li«£!6> nx (y) *fcj£TS. CtiB, 30 
huI2 U teSte a > V =7 A T > X ftfm^WT 5 fair 

[0 12 4] *©tt£a>:/7-f T>Xttfl*fceaB©fE 

*Sl>-C01 1 tC^TJ^SCflll JE¥2 2R (L) £312 
J£¥2 2L <R) fc3S&£¥JSc^#roBLT^4ttiB 
£<KST3o 

[0125] CCr^f bJl/F n a c t «®nJS¥J*J5 
^©•t-^O h^**-T 0 "4£> hMn a c t ©[nj£ 40 

«. i^*(c*fi/-riifst@'5©*-^> h^^e.JSTtc 

[0126] C©PIB©B«±flsS»tt. 13 1 2 &C*T 
FjUVIs umr e f »SfiTab-5 (^»icj:0, a 

[0127] cms i icu-oxmn&g.¥-mix.t)icft 
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* h^F n r e f t4BtB*nS¥*£#©;*Mfc9'*3« 
To ^FAMnre f ttB«»nJS¥*E2J©*-^ 
> f-J&frfc^T. h;HVtn r e f ©[&J#©^tt, 
Mn a c t ipm-cafe*. 

[0128] |^B^(D/c26, ±f*^»*52£f^^(C(Sin^^ 

[0129] mwnmf^imknm&wsifcu. 

b 1 <D±.foffimmg$immd errx, 0 e r r yicS 

(DW&mmx' \mmM < z ** ) s *> 0 © x t > £M© 

Ufc<r»©T\ Mm^JS^*--^>hMdmd©ISii:lft 
j£#W0-C*S o ±f*{ig©M4ife*iJiaiO&^©-e, fig 
«^Jg^J*-y> h©*fife53-*>0-C*S. C©tK!£(C 
S*JS-r-SM«^fiaS**-^>hMdmd*Hl 4ic^ 

To 

[0130] 56»*fleG3-tf-5fciMc«» S«^*Jg^j 
OSZMP) iSt>«3©j|^JS^f*-y>h© 
tK¥^*. aS^JS^J*-^ > FMsumrefi 
W9.±^fxtS^-^ > hMdmd ©f n©7K¥fiS^K:iiSe 

[0131] — 2t. as^aas**^ oszmp) 

•C«atl^)^S^"^> bM s umr e f ©*¥-^ 

fiS»B0T?**. tot, f»«&&©sa»«#%a7c3 

■»Sfe*(c», a*SZMP^b«3©H^S**-^> 
h ©*¥*&#£ , Mdmd ©*¥)&#K:jM£ 3 

[0132] c©jlSi©7T^K:$)r>rBi«-&3>-7 , v^ 
J: 5 &c£¥©t£g • '^m^mEth. 

9*1) njff^ h©^^M^$3£{tSlWT'5fc«&K:. 
B«^J*S*ifiC>^i (BSZMP) St)«3©H^S^ 
*-y>h©*¥^|nI (X, YMTjIS]) J*^-?:, 
^5^3* ->>FMdmd ©*¥*[wl^fcilfie 3 

^*2) SS 5 P : ©gciitt<&SI«-r.S/c^C > 
!3 a * to ») ©^#S¥*JS** - 

X > h ©*6*fffl^/jN $ < T s„ 
[0133] fSU f9iE©a0. ^3j<l ) i^*2) 

[0134] S¥©<iM • 9fi»©«iE». C©H)fe©7TJ 

src«#;© <fc 5 ccff ^„ 

1 ) aS® 1 JS¥J*K2j«*M>j£iQ 1 £ ag® 2 

[0135] 2 ) a«® 1 E¥«S^*i>*Q 1 ©ffiS 
*. Sft£0sK#f>'&j*l (a^ZMP) ^@K^WC?£ 
h;l/V*to0(c. *5|5]^e db v^tlal^ 

s&t-So »»i/fc«0MQr £-r-So i^**{c. mm 
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* (ggZMP) *H«*j&K:ffi«'<*hJl'V*to»)K: 
Btsft 61 d b v ftiW HWKrT S„ fcfftOjfrfc Q 

2' 4-T-5. 

[0136] CCDHisfte d b v £ WBJUSUft 4 (,> 5 . 
J&j&WQ 1 > ***#Q 1 ' ©^ Yfr^V h-M/Q 1 Q 

hJ^l'h*Q2Q2' 4T5„ 13 1 6(CQ 1' tQ 

2' &^-r. 

[0137] 3 ) @«0 1 ^«^A-rcc^^ 10 

h;i/Q i q i * tmw-ifmm (m^±rmm) $t^„ 

Q2' ^WWTSWiS-a-S. »lia©II»fi¥*H 1 

6 ic^-c^-r. 

[ 0 1 3 8 ] 4 ) gfeg* 1 J£¥£Q 1 ' fctfrfr 

«C» Sifa*l$rt» (Xtt) *t>OK0IEft0 1 x. 2£&# 
fatt (Yd) itoOtcBRft© 1 yKWIRSttS. P3 
«tt. ^«l^^2J£¥£@lllSt2M¥£Q2 , fcifi&tctt 
f^lSlW (XW) **)«3(C|HliEft6l 2 x, 

(YW) *t>O(C@Kft0 2y^:W|5IK$tt'5. 20 
61 nx. 0 n yifWnSnSTXffift, fn£¥ 
Y»«fc4t»5. EI(E«©B#&£¥*ig 1 7(C**TC 

[0139] wiowflBttfaiASji^rawntf, &tt 

1*3 4&4#»U ^»«:tecfcSSSJa¥flcS^3W 

^-r-SH*JK^©^bSi©M©M^«, £TF«:*-r& 30 
*Tfc#14£8ro„ 

[ o 1 4 o ] #14 i ) mmmmn eat vmi&mo 

^7©^JS^Md>-rS„ C©4#, H*IEB«£-JS¥J*5: 
;W'Cw£ £ to 0 ©SI&Js^FJKJx;^- ^ > h «. « 4 ^ 

[0141] #142 ) *nje^XSMIfl«W*aiftO'C 

@«n n st^^^ ems s •& * t . mmmn 

tfrCwStcfEffl"* n S.¥)*JS*©*- ^ > h ©X RS 40 
>h©YJ&9-/ctt#sgF{tU €-©fS©0R/x^J^«ii>O 

[0142] #143 ) mmmmn e> d b v, &s.w-xm 
w-m&tKvmtmt. *ft*ft*#»«c»f£o;fe:4*© 

[ 0 1 4 3 ] #14 1 *J<££F#142 «\ Cn6©SM^fCtt 50 
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al14^ #14 3 4* C ft 6 ©SM'ftcjRJ&tt 
[ 0 1 4 4 ] m 1 8 tt&^a T >*BWP&3tSI$ 

©ft^i&iiB-f a. 

[0 1 4 5 ] fEWi-Si, ffl«^JERS^*-y>h»E 

m(,c^xmm±m&t)t'-^ > h M d m d ©#iE£tT 

5, SI#£¥J*J^4#K$ftfcffi«£J*J^* 

- x > h & 4*#> n gwnfltft s*3eae*j «fc 0*0 ns?x 

(Y) M«fte««e»«:4Bl»rirj6©*8«ft 0 d b vfcJ: 
Mnx (y) &&^-f &„ 

[0146] &k. *jesn>v:«WiWiWKai-3(,>r* 

^fis *i s «fa«« 3 2 +Ejffl&» 3 4 <Dmmz 
*fte>*jT5i)rr<fc ^KftjEatuawB • 

[0147] HTiflBi-rS 4, ftB«^«S^J*-^ > h 

I*-^>FMdmddb, S-S^WM^-^ > hM d 
mdlx, y, Mdmd2x, yK^EfS. WWfflU 
■t-^ > hMdmd d b«. SWWUft (JE^FiTM) 
B d b v SSfli-r 5 c 4 tc «fc o r gM^mix^* 

> h©SS1if-t?S>-5o 
[0 14 8] hMdmd d b©V^[&] 

Sft«3©^«rMdmdd b v 4fEj£T 5„ h 
Jl'V t*1*-^ 3>^7-f7 > XKjfp^gp©|ftWr^ L 

•^^ hJl/*U4-r-S4 > MWW«*-^> hMdmd d 
b©U*|6])S5}Mdmddbu(3:0(;:l$gSn5. M«P 

ffimne dbv&mbrt,, *s^©u^isi*-^> 
[0149] commoBmv^mm.^mis.t}^-'^ > 

hMdmd ©ISitt^roJ^^ 0 %©t\ M d m d d b © 
i&it^[fi]^M dmddbzfeO ftS. 
[0150] ^1S¥W**"^> hMdmd 1 H 
1 JE¥ffi«^ 6» 1 x , 6» 1 y*«fW5C4«:J:ot:i 

mm i ja 5 FJERs*t>^**3»j tc^s-ttyto*-^ > 

hT-£>S„ 01 J£¥li«*-^> hMdmd 1 ©Xfi£# 
^rMdmd 1 x, Y^MMdmd 1 y4fBiET-5„ m 
2J£f«ft-^>hMdmd2(i 1 »2S¥ffl«ft6> 
2x, 0 2 y*Hfl?TSe4«CJ:oTS«#2aTOfcK 
^7^Gv*Sft0CC|fe*t§-ti-/cl^-^> h-CabS. 02 
STffl^-*-^ > hMdmd 2 ©X^*M d m d 2 
x. Yjjg^-^Mdmd 2y 4iaa-r-2><, 
[0151] flfBtt. WAOSJCOJc^Kff 9. 
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Mdmddbv = Wdbx * Mdmdx + Wdby * Mdndy 
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S3 



Mdnridlx 
Mdndly 
Mctnd2x 
Mc*nd2y 



Wlx * 
Wly * 
W2x * 
W2y * 



(Mdmdx - Wint * Vx * 
(Mdmdy - Wint * Vy * 
(Mdmdx - Wint * Vx * 
(Mdmdy - Wint * Vy * 



Mdmddbv) 
Mdmddbv) 
Mdmddbv) 
Mdmddbv) 



S4 



W 



10 



[0152] CCX!\ Wdbx, Wdby, Wlx, 
1 y , W2 x, W2 y*$J:0*W i n t &*#!BfflS#i 

Win tUft* & c t cc i o r o fc^BRS** > 

[0154] *ff^F©^SBffiS*^SWd b x, Wd b 
y, Wlx, Wly, W2x, W2yfe<fcOTint(D 

mMm*M2 oicfjk-?* H2 gcd^#->w:, aroa 

[0155] aSi^ 1 ) WH»«ft£££¥«*ft#^ 

[0156] ffifcSl2 ) H«ftB«ft*5J:CJC#Jg^««ft * 

Mdmddbv*Vx + Mdmdlx + Mdmd2x = Mdmdx 

Mdmddbv*Vy + Mdmdly + Mdmd2y = Mdmdy 



[0157] c(dir, itii^iMTiettirttSKjScr 

dbv, SS¥««^-^> hMdmd 1 , Mdmd2 
[0158] C^JSLr^a^JSS^*^ (B«Z 



^»fP»5E«Kjit-r4S*l*«ja'rSfc«>K:, ) S5 
£ S 6 CD W^?r % *< < Sj^-r £ J: *> Ccfi<& £f£;£T ^ 

[0159] 



S5 



S6 



[0 16 0] C«3, S4£ftVf S5 teS*30* 7 S6 «S8 K^&SftSo 

(Wdbx * Mdmdx + Wdby * Mdmdy) *Vx + Wlx * (Mdmdx - Wint * Vx * (Wdbx * 
Mdmdx + Wdby * Mcfoidy)) + W2x * (Mdndx - Wint * Vx * (Wdbx * Mdmdx + 
Wdby * Mdmdy) )= Mdmdx 

• • -357 

(Wdbx * Mdmdx + Wdby * Mdmdy) *Vy + Wly * (Mdmdy - Wint * Vy * (Wdbx * 
Mdmdx + Wdby * Mcfrndy)) + W2y * (Mdndy - Wint * Vy * (Wdbx * Mdmdx + 
Wdby * Mdmdy)) = Mdmdy 



[0161] MdmdxiMdmdy#ffil©ffl48(-5 ★ 
Tfc, S7 t^&^mm^CJ&ALf^tc^C^ S9, *40 

Wint = 1 
Wlx + W2x =1 
Wly + W2y =1 

[0162] Mf^tKMdmd d b vfcBftKcOTM 

WfflW e d b v*»^br£¥ota[a**jELr «>, 

SI^KS^*— ^ > h ©SSl^Mdm d d b v Cc$j^ 



♦ • -S8 



• • * 



* + * 



5£9 
5U 0 



• • 'Si 1 

[0163] PliK, Mdmd 2 £@&(CLT^2,S¥ 

*HRfte2*aiffLt:*2fi5p©ftfl[*«EiEL-r*>, H 

J^Jg^-^ > h©tfJ)Da^M d m d 2 K^r^Sf 
-5»^*t* W*.tt\ H2 2©«fc5{CPSJWSJ^Hoa 
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2 J£¥© ip b fcTtf X fe JlffcS* BSE* fc l> & I > . 
[0 16 4] 5$5. S6 4«£T5J;5(CS1 

d m d fcjgjtpft t, 5„ C CD J: 5 & C £ D £ 

mm^m^u-cit, ss, 6 <DZEm<Dm* 1 «t •? 
[oi65] *fTiQ<z>^effl«*^»iKe«'r7*4ia2 

0-CB. Wi n t£Otti95£f SCiKiot, 02 1 

©tti«© J: 5 «c . WSffifRft 0 dbv *Sf¥ o r 10 

[oi66] ttm&t& ctic, m 2 1 ©J; 5 fcfaffl-r -s 

<ft5©-C. »2S¥*Mlft%JRf^r*Ci{cJ:orl8 

-So 

[0167] a«ur^ttt»i*«:«iwnifltft 

61 d b v *JRf£T-5 C iK i-SH^cJg^*-^ > h #5 
£Lftl>„ 

[ 0 1 6 8 ] -z>£ K> , mmHHftA e d b V3&J^»K«|< 
£#{CBWJWffiUie» d b vOfi&mtcHfrtj: 

Stafffl^J^S^*- ^>hMdmd(cfl<& 
[0169] MKiottt, WJWilMllfc48j:a e #ja¥ 30 

sum &&fE-r s c £ tc <t t %£-r & 

a<ftoTGS5*§£-#*£„ 

[0 17 0] L/*>L/. C©*B£T£. MdmdASCOi 

WDnmok *> icmm&fcitvtcitxD-? -< - f^ ? 

ma-C*S&6«\ *$9ra*IK:ft6ftl,» 0 N&ft<D 
B, Mdmd©**S#i^4>&->-tVTfc, — iSffKCfffl 

set rasa*. fflfflm<D*-y>)i-~yy 
tAi^t>e,&i*?>T'$iS. 40 

[0171] SE*3 ) tflfiWifm*. 
©£fl5Jim#^&T?«fc&Wd b x . Wdb y (DBMHi* 

[0172] am* 4 ) gw-omimzmm-? ztcisb 

¥©S¥««ft ©ft; * ©»Effl**«»©«*f tt £/Jn £ 
&tc. g.¥-i!>imfr%%t<ffitiXl*Z bitten 

*<D&¥-<D£?m&m%W}i>->bx&> ^(Ds.w-(om&w- so 
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[0173] &m&5) mmmmn*&ft-r?>z ttcj; 
^xmwx-z2>m±mmt)*:~~s>Y-<D73\iiib, sst 

HHtA * mm- 5 c <t tc J: o r ware * 5 *^J*JS* * 

[0174] » WttfiHRft 6» d b v ifetftfp-rs C 

£ K J: o r ^i-T £ *^BcJK* * " > h ©fa * fifcfcf 

tare* ft t». — 2f. #S¥*Mlft*»fW*c:i{cJ:o 
r^r-*-s>n^j5RJS^)*"^>h©tSi*», S¥©« 

[0 17 5] 0J;L«\ § ^©x 5. i>tctt StclZfrfr 

tt. c©#tt^#ji[or, ft^^<*i.ltft< 
[0176] w*.tt\ piwiflift*»f^r*fc»o»E 

IWdbx, Wdbytt^iDi^K^TS. 

[0177] XfiS^Wd b x, YSWWd by, Z 
J&frasO©-^ hJU^Wd biTSi, S3B'<i' 
WdbtMdmdOrtiCiS^t^li. ^-5t, Mdm 
d?:-^^ h;l/Wd b^faJS^£^©it:S)SWC^||L, 
h;UWd b^fa^/c^^atfJL-C, ^^h;bWd 
b©^C#§?:^G/cfc©^, iC3(Cj;-3r^<s56nS]VI 
dmd d b vX$>& bM%-&o 

[0178] C©i^OMdmdd b v^§23Ki 

-jr. chB, WIWf«ft*»fpractK:j:oril±fR 

S**-^ > h©Wd b73frJS#£8fiJf|J^-&:7 - 
»*IW9ll*flWW*Ci*»*r*. fcO, Wdb* 

&fcl>X i>m±tiK)x.t)*:- J > F ©W d b ^iflwS^tt* 

tl/4t,*e>, c<Dy j - F^ f ^$iJ®^«fc/cftsSfccc 

fiifPtS ft: tf CC ft * . 
[0179] Sfo-C, ftSftfcftSfjt^^ UftliS^-CCtt, 
Wd b*(S]J&-^^ h ;l/V#[nKC— ifeSif^j^, S?c}ift 

>hMdmd©Wdb*|S)^, SS^M^ftCC^e- 

r k mmmmn t z tc vt x&sl s t » ft 6 « . 

WdbiV ©rtStt* 1 feft S J; 5 KKJEf 5 . — 
Sfl«fttcS?.tfci,^j: Wd biVOfil*3 1 

j: o < ft J: ^ tcaase-r 4. 

[0180] tC5t?, ja¥©ilMB***l{t»«^Ktt, # 
*»fW4 C£{cJ:o tJStbfli**Jif 
*Jg^j*-^> H©X^»/hS < ft-S. C©t8^c 
Wd b x£A#a6(cf&g-r&„ Wdb^fai^^h 

^v^rsitt— scuft < ft <o . ww«m«©a«j^ifjjn-r 

[0181] H»»«fttfe5EaKO(,»rEKS«r s 
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mm 
28 
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[0 182]i24^#Mbt^fl>i, atlJSlS 
¥*5*4^v£Q 1 tC{m?ZF 1 a c t £g«il£2JS* 

Mflf2act = PQl*Flact + PQ2*F2act 



* W-mKJjtp'b&Q 2 KffWr S F2act#, §SM 
S*W^P0*bO fclStS**^^ > hM f 1 f 

[0183] 

• • -ai2 

* [0184] Sfc, SI 2(DKt>9CC, &3;4flH>T*> 



Mflf2act = PQl*Flact + PQ2*F2act+ Mlact+ M2act 



SI 2 a 



So dsn, si2it a*^flc^^&^[**>ott:fffli-r 

Mflf2actv = Mflf2act • V 
[0186] #HC, Mf 1 f 2 a c t v^P-AX? ^ 

rt^&CMUrM f lf2actvf i It £f# 
[01871XK, FV*«^Md 

md d b VgrJllHIffl? 4 Jl/*fc»U ^n£, Mf 1 f 

2 a c t v f i 1 t*>6*&. fflM*--*> bVJttm 

»Md i f fv«#^ B 
[0188]^ »fltffl^-f^*«, Mdmddbv* 

[0189] H¥«*a««a£««^K:J:SWI» 

0 f f dbv = - a * Mcknddbv 

[0192] Mfttc^tt: <fc ^tHiiflW 0dbv^4 

(9 dbv - Kdb * Mdi f fv+ (9 f f dbv 
[0193] «n£WIfl«t«Co^tl«1-^ 
125 a*©*©* 1 eTXMffA^ffioaONB 

Ift0 1y, 02S¥Xffit*ft<9 2x, I2£?Ylfi 

[0194] SljaTfiRS**-^^ hX^M 1 a c 
t x£u-/>?x:7 Jl/dzfcffiOTM 1 a c t f i 1 t x 
£f#£ e *lJifll« J 6^>FX«»Mdmdlxt 
SHIffl? ^t^ciiu Ml a c t f i 1 t x 

<g^e-^> hMd i f f 1 x£t#& 0 
tMKAftJS&RHI. »flWa^-f^#tt, Mdmdlx* 

(9 fflx= - alx*Mdmdctov 

[0198] mmcA^c^^xmi&w-xmwLfte 1* 

<9 Ix = Klx * Mdifflx+ 0 fflx 



★ [0185] Mf 1 f 2 a c t (D^Z b frVJjft 

10 i&^Mf 1 f 2 a c t v*iffit>Sc CtiS, hil/ 

• • 'Si 3 

TklHMftg.BWsm.ft 6 f f d b v ctiii, t*b 

[0190] AttBKtt. W»?§*^-^ > h 
ft 6» f f d bvitntfa,*. 

[0191] nmmmmmm.ft e 1 1 d b v«, am 

• • • ^ 1 4 

• • • si 5 

[0195] ^tc. mmffim.ftmE.tmm> 
ft* £<D&amc £&mi s^uhr*- j>v xj&^-s© 
%m*n%ffiTtcii><Dm 1 M&xwnmmam eft 

lx*$S)5, Ctifct. U*)t9> j - * V- Fli 

[0196] ftttojtctt. HijgfM^-^^ hv^r 

[SjJjfcfrM dmdlxi ^»<b OHff **"r«fl|3 > 



40 



^ft©ffitt£Jg>KL/cfe©£fll 1 E¥X*M@ggttfltft 
Affix i-rfttfS^o 

c 0 1 9 7 ] an g.w-xmmg.j&mm.ft ettixtt. 

• • -5$1 6 
• • -317 

[o 199] ai8 icmiTmM&mvz i&iEm^ 



50 J£¥Gli 



^#WgR«, WWIi«ft 0dbv, 0 1 fi 
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29 



w-xmmne 1 x, mi&w-YMWiftd 1 y. iS2S¥ 

fig • sgi&£f#£„ 
[0 20 0 ] ffifflK. B*&fi¥flsE2;K: 

«fc ^> § n * tttaMi 3 2 ^>jaje»ttft 3 4 

[0201] wm.nmm.xn miEsm^w-tts. ■ mm 

Mass^e* • 6 kike u mmmmmx 

[0202] 026 tc^-r j: 5 nmmsm*ifi 
^sns 4 * tea. is«^*i«A*)<iiE@eis^ 
g • s6§£«, H27 (c mmx^tim • «»cc«jes n 
hps. H2 7Kwr««eBi^iMra©a¥*iB«s 

* U £ * ©fig II 2 6 

fc. li^^mADttiESWfiWig-^^tii-r 

■So 20 

[0 20 3 ] tttt@B£iffltH:> «*a««3 2 ^JEJg?itt 

3 4 o>gfflc iotscii jus^wag • igii© -rn * 

[0 20 4] ±sB£iWJI£ LrH 1 070- • h 
©SilBfCBS-S 4 , UiBOiP < . S 3 4 {Cfcl»T±IBL/fc 

[0 20 5] 128 it^(Di^m^-t^)V~^-y ■ 7 

n— • hf*S. 30 

[0206] iHj®^#Mu-rmBj-rai, 5fe-rs i o o 

(C*sl>Tiri2L.fc^^ h;UV*Jfc«>, S 1 o 2«c«/^r 

tr©cft6©fii£jfca&3. ii>rs 1 o 4(cjt*< s 

3 fc «fc ^5$ 4 J: o T jf «£J5tcJK#* - ^ > FM d m d 
?:S«II« ; e-^> hMdmd d b v ££-JS¥*ilHK**- 
^>Hvldmdnx (y) (C^BBU S106{Cjt//C* 
ISBcDin < p?Wf§S8 0 d b v £3td&, S 1 0 8 icMA, 
■e&£¥-mm.ft 6* n x ( y ) 
[0 20 7]»»t*H107O--^t-|-©S3 6K 40 

mu s3 8«ca^T?s«ja¥fiMi-S5»*»«fted 

bv. 0nx (y) KHSC-C^IEU I(CCtl«*t 
[0 20 8 ] *WS40 (Cjt<&, ±W4g • ^S&£ 



H17 

(fit) **WU S4 2tcJfL^-clBWflSlEffi*llta3ti 
BSgfUSA tJBSrU S 1 4(CMoT±ta©Mffl?:liDM 50 
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[0 20 9] C©HJl©7f21«±f2©£P< fl|J3EUfcO 



[0210] BUfc. c©mfc©^»{c{SS«i««:. 
^OfcB^ttOTKTC&fciftaofc. Hit. &M 
¥5-3 0 55 8 4#&«t?«|g0fcair3>^7-YT 

^xuara JStr* fcttJ5U5©»*j5& £©£¥«cll 
few. c©^©»flKcff«Sjrrts. 8Wrr*B*ia 

fcH L , €-nccS-3(r>r B«jajpflcS*tf ^*«f»id*:ja 
[0 2 1 1 ] C©IS*, H^acS^i^JE¥flcS*36s 

a £ ^ t'^-r S C 1 1£ < . k*mw- -5 C £ 

zmmLxwc&m&ffimmftiic & -> £*w«cj*i*as 

[0 2 12] SK«, KCfPffl-r^JSRJS*. «fc 0 

H^S^^e-^ > h £ 3re£¥4><CN£S t><0 ©US 

[0213] U-oX. ttmJte^M^mmtcVXtj: 

hcc^ffl-rs*s* ; i:a^csijisi-r-2»c£*s-c#5o 

[0214] WS^fta*; ^ h©K9KK£ftM8P 
^B(cH3ir'3r€>£it(c. iw^iftarKf h*ssw5 

scim. m$Mtn 0**7 f ©s 

Wfett**^ > *ff^F© x >j » xf>4 195±T -S c £ 

[0215] */c, ^pH¥5 - 3 0 5 5 8 B^STtt 

& m m^mixi) * (sizmp) «cfgffl-r 4 

Hit* cfc^ic^Mbfc C©j^«5fefc«|gLfc$(| 



31 



[0216] M2 9UC<D&ffliC®i2>ffl&&WsU#y h 

<Dpimmm<Dm2<Dmm<Dmm^-r, mi 6tmm^ 

Zl = -MftPQl ©:6£ *0 dbv 
72 = ©S3 *0dbv 
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HI 6(CmLfc^fi«Cf^. 02 9K^-rjc^K, 
iSit^^/cW^tt3-l±-5>J;5CcL,/c 0 C©£#. mi 
S¥l8i:#fr»fiZ 1 iS2SWt^^ftiZ 2 



At"£, 10 

[0218]^ *©fl&©«i&tt. sn i commmmt 

S£c6&t>. SI 2©||j[&©jf2i5ctei : > ±IH©#n< 

[0219] S3 0 WC©|gBjK^P^StiP#y h 
BJHT-4>3 0 gfc. 13 KJ, *<DW}ft*m?, HI 0 
[0 22 0 ] ^©USteCT&JiStCte^-Ctt. m^iffix?) 

*-^>h©zfiS# <»ia»**>»jfi8») {cs*-rs3> 20 
- y > n © z ^*fi»r s j: ^ k o ft. 

[0 2 2 1 ] H3©HJfe©^.®(C$)-oTtt, ^(Dfcisb 

fc. #i©xii©$MKffssEB©flM9EK. tKBtttu 

[0 2 2 2 ] S3 0£#J$LTSfcHJ§-r-5>£ > SI3©SlSi 

(DBmc&zm&icte^xuftir. h i©±#2 
4©iia:{iiacc3-u- h-fe>iM o 0 4^(«i* 30 

ic, *©tfj^j&i**A*U. ^a©f4B, S5». fcJ;t>" 
iMT:#|6]£#tS-rsgeteg • sgH • ^(nJ*SS 1 0 2 

4Ii5i^KWc„ 3-U-H2>flOO», p#' 
v V l©Z$ib£fc>«3©3-U- F (HKftjifi) 

Mdmdz =-Kthz0errz- Kwz (d0errz / dt)- Khzh 



[0223] lass • £H • ^faJtsii i02», a 
&c*f-r -s ^@©3»iiflt«©ffiWtta*» J; s 

iftiC, 3-U- Hz>-iH 0 0©tfctitfiI£«#-r5C: 
iKJ:*). P#? homf-frfa&lkliiTZ. 
[0 224] 36fC, Cft6©t»$Ric£-3*. ffFU 
n-^iCfc-^T, S^SSfcStrSPstfy M©&K 

[0225] m3<Dmm(D^mt,c^mm.^m3 ivu 
- • h*&mv-cmm-?z>£. sio#>e>s3o 

feTii/C/cf^L S 3 0 a(CfcC»r, Jt^Sftfcntffy h 

1 ©fi!**j itf/* fc«*|Sj©-rtiK:*-5t , *©r*i 
j&«ii>T€> J; 5 it. ffiHt^fcb-t-y > h ©Z b£#M 
d m d z £:2ji#>&o 

[0226] &t\ 032 (cm-rss&KS'j-c^ff'r-g) 

-y > FOZlS^Mdmd z ^feS^fllJi UT^S 



*U 9 



CCC, 6 e r r z B^lnJOftl, dflerrz/dt 

i»©«Flffl«»tt, hi*SB*6©«-rnrft*. P1BI 

(C6»errz, h^To C©IM©K*S-CW, flerrz, 
h»iE-C*5 0 */c, Kthz, KwztiWKhzlJ 40 

[0 22 7 ] Bf)iaL.fc$n< , P^'^ h lJ&s^ff Lri*-2) 
£ * . S¥©«fe^1f 3 2 ^SJS?f14f* 3 4 ©fe Dn?i 
ttto*'j h 1 ©i8il#*t>«3©1I'tt7J' : 6"y> h«c«fc 

[0 22 8 ] ±g^i«l©««*sjft^:«:a4 i . 50 



[0 229]^ mic z»ib o Bwiaig&tt^niiH-r 
zmmhu. 3-p-h©rn (*i$jfn©i^iffl«» 

fit) »«^i«MEft ; t-^>KOZ^Mdmd 

z4^rii«fti,>„ hp^. s;i 9(c*jt,»r, kwz« 
?f©ssssi**(ia3jy -r o cc»5&rtitf 

[0 2 3 0] H3©|QS©ff^5C*i^r«. «^ 

3>7 , 7-f7> X«jf^^g|5tCif fc)feilSI*iSJD 

ftftWKtt. H^S^£HSJE¥B(cS^©Z«iSfoO 
*=~~J>bf8 l 5i-Zmitt&ttlt>. £?2 2R (L) <D{k 



(18) 

33 

[0 2 3 i] ^-o^je^^a^sirK:. itJnstx-stt 

[0 2 3 2] ^JERR* i*S3p{R5*©Z 

Jc-?-Cf#6ftft:. «ma«#fiJp<flaE6» (SI 6©* 
«©S¥> £^@tR&JS¥8^#'Cv& (HI 6©Q 10 
1' , Q2' ) ic#LT;K©<fc5&te:E£fln;t&c<tte 
.i^TtTftftS,, 

[0233] i ) miEmmm i jbtjsrs**^ (h i 

6®Q1' )©)£«£, B«£J*K#m8jS <g«ZM 
P) *0te*'^CC x ZfitftDic, &?)|pIKft0dbz 
ft*ttBIE9tt (rotete) TS„ if£Sb 0 fcf£©.££ Q 1" 

[0234] iai«(c. as®2S¥*s^^n^ m 1 

6©Q2' )©£«*. B*^fl5S*ffffljS (IIZM 
P) ZM&tp'blC. ZWSftOCt. &5li]iKft9dbz 20 
ft3f@K9tt (rotete) TS„ t,fc«©£* Q 2 " 
•fTS. C©Iel|gft0 db z*. Z«i3:ftf)PJ)S|ifi«ft 

[0 2 3 5 ] te&jfiQ 1 ' S&j&J&SQ 1 " ©^d? h 
>FAQ1' Ql" fTS. FUUc. *&-£#SQ2' 
3&5Q2" ©^ V)\s%:-<i> hJbQ2' Q2" i-T^. H 
3 3 iC±-%fr 6 Jlfc Q 1" iQ2" ^^T„ 

[0236] 3 ) mmsmm 1 saw***.-** 

CC. ^FWl' Ql" HHI 

(c> ItlEg^f^S^^ ^«^-Ttc, -^h-iUQ 30 

2' Q2" /c^w#:«i5#?»„ ®mik<DmiEmm&s. 

¥-%m 3 3 fc*«-C^T. 

[0 23 7 ] 4 ) 3 ) "Cff 6n/cfiSIESfI^ 1 JS 

¥^Q1" **4>(c, gSB^frWl (Z«) £t>K>lc®fc 

ne i z^wiateS'ft-s. i§i*i&c. 3) x-nhtitcmt 
a«»2S¥*Q2" isa^initt <zn> * 

ft^cBitsfte 2 zft: WHIgS i±S„ 0$iffi 0 n z £IS 

4tc±a-c^-r. 

[0 23 8 ] JW±©»««jf^fi*SjaA-C^Wtltf . till 40 

SOTS £ ffiHItbmc «fc -o rifei-j- zmmixtXD&ikS: £ 

[0 23 9 JS1D Z#£ft9M«i11£l6> d b z/d 

l^#ijMl^#(cH§S¥^S*©*)S^^*-rS„ C 
© t * . ^B«&JS¥2S^#<W>j&* ft 0 ©USS 

[0 24 0] #142) #nfi¥Z*MUIA:W*»ffcUT 
'C^KfNffl-rsil^nJE^J^JS*©*"^^ h©Ztt^ 50 
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[ o 2 4 i ] #143 ) mmmmn edbz, sjs^xw 
m.n. &&¥-Yffim.Pi. zm£t>K>mmmm.Pi9 d b z 

s*©^bfi« . * ti-etift#atc»fp u/c i * ©^t 

[ o 2 4 2 ] #14 1 fcj:o*#i42 w. cfte>©iamcife 
sett*** sci^u, 3 te±r<DmmcMBmi 

[0 24 3 ] «±©ttf¥CC*sWSZtt*toOW«l««ft 
6 d b z*J«fctf«JS¥Z»fllft*, M3>77-^7> 

XS((f^i^{C*Jl»r«T©«fc 5 ic^-r S. 
[0 244] II 3 5 tc^3 <D9m<DB1&D&£zi 5 

> > h z j&#M«SOT£tet§P i o 4 Siffini/ yt. H 3 6 

CC-e©*-^> h Zmftffimi{t®5Z®il 0 4 ©IBM* 

WT, c©ii*o«J»*+^tc|jiw-rs. 

[0245] S36(C*t4q<, C©ZJS^M«*-^ 
> h^SP 1 0 4 (C*Jl»T», Sfil^J^S^J*-^ > h 
^ieii©ai^5, MWffliX*-^> hMdmd d b© 
ZMMdmd b z iSS¥M1» ; &-^> hMdmd 1 
z. Mdmd2z*ft£t^iSfc 1 
^IH^n/cli^-y > h ZfiS# (Mdmddbz, M 
dmdnz)&i**6, ZWSt>^MWIf«ft 9 d b 
z, lglS^ZM«^0 1 zto£Vm2&¥Zffim%d 
2z4ftST5. (cn»l23 870- • hT'S 

3 4a ©MSictas-r -2> ) ■ 

[0 246 ] 1igiEa=WS¥fii;g^#ttiSI5-C[*, Z#* 

fcDWJWIi*ft*iJ;o'SM^z?i«ft4>$i?)r, ISiEJS. 

[0 24 7 ] «T(ciifln»ffi©Pffl^SiHj-rS» 

[0248] a 3 7 *0ML-cmm±mi3.jj*--j > r 

le^ri*, *fi«^6feS**-^ > hM d m d ©ZJ&9-M 
dmdz?:. SIlSt-jOhMdrnddbCZ^ 
Mdmddbz. IS 1 hMdmd 1 © 

ZfiS^Mdmd lz, H2 JETSMX*-^ > hMdmd 
2 © Z (S^-M d m d 2 z . CC^B2-r 3 ft 

'So 

[0 24 9 ] ft, MMfflf*- y > h © Z J&frM d m d 
dbztt, WWHifitftedbz^afPTSCiKAo-r 

a*^*s*>p^js (SizMP) sftD{css¥j*M 

A©M»Fn a c t#sfP4*-y> h©ZJ?S^©@^ 

[0 25 0 ] ffnjS¥*BflS J &--rf> h©ZfiS^M 

dmdlztt, HI 0 1 z SrSfPTTS C t K 

iotg «HH 1 S^-^Jg^l tf>'^ * $ ft i) KS&£ 3 ti-fc t » 

h Zfig^ (0 3 4 4CM 1 -Cjjs-f ) -C*So 
tC. H2M^»fi- ; &"^> h©Z^Mdm d 2 H 
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Mdmddbz =WdbzX Mdmdz 
Mdmdlz =Wlz X Mdmdz 
Mdmd2z = VCz X Mdmdz 

CCT, Wdbz, Wlz, W 2 z it^f B#©#BEfflS 5 
#^8rC*3. ^©^le/BS^SftW d b z , Wlz. 
W2 zOSSM*. @3 8(^-f. PM©®^ £ - > 

«. ^Toas^^ur^sn-s, 10 

[0 2 5 2] 1 ) WJ»ffi«ft£&JS¥fi«ft#* 

[0 2 5 3] a*j&2 ) Z#*t)f3 I^Wil^ftfeJ:^ 

h©Z*&#Mdmd z SCffiWiiSC&.5 J; 5 SC. 

Wfcibz+ Wlz+ W2z= 1 

i^a. ^tfBfrs*. 5£2 1 ©2£ia#s 1 Sc fist *i 

[0 25 6] ffi^3 ) jSJW£¥#Wi&Tr §l**TZi 

D WW««ftfflCD^IBffla*^W b z * 0 SC-T &© 
[0 25 7] ) WJ^^tttTS^T'-e© 

fiiiii*§ijiaiscsf^?rR(f-ris^$,5 o 

«ftffl©#l2fflS<£»W 1 z * 0 SC b . JS¥#* 

mrr stress, sr2STz»«flffl©»saffl«*a3Rw 

2 z^OSCf SOj&^SH,*,, 

[025 8] Sfc. Zm%t>'0mMffimPl9 db z©& 

©jgawifinsn*. zfistoOMWii^iftei d b z 

tt. MJWM«ft edbvi Bia©TJU =f U XASC i^r 
5ftat>6tl5„ jtl^Si. h £^JK©rSj##W;fr[nJ 

ffiMMtft 0 d b z *9t5e-i-Steffi©^0 ^HSJ. m 
2 4 © V £ Z SCg* & ^. S C £ SC <fc -y rm & C £ & 

o 

[0259] 3<e>sc mi^mmne 1 z. 02ST 

ftenzs*. Hi S^xiitKfc e 1 x%*ftS7;w y 
x a £ phh©t a- =f y xa sc j: -o x$t&> 2. ^ n s „ % i> 

(i, X#zsc, i^nsc^fcofc^-c*s 0 fi£->r. 

£TnJ£¥Zli«£i<9 n z &mg.-?Z>mW<Dy'U v 

S*. H2 5©X£ZSC, 1 *nSCg*jfe^.SC£SCcfco 50 
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(13 4SCM2-C^T) -C*-5. 

[025 i ] #ae«, ^sc*fflc»rtf 9. 



;»flWd b z , Wlz. W2 z £&S^5„ 
[0 25 4]i4^f©i^tC. 
©ZJ&frMdmddbz. ^JETftfHX*-^ > h ZE&# 
Mdmdlz, Mdmd2z £.&SlSc3£&J£¥3cJK2J&C 

^S-a-SC£*5-C^^iH-CSi, «r©J:^scs^-r 

•5.= rot. se^M^cwS oszMP) st>o© 

hMdmd©Z)&&SC— gcSttS (ftfttl 
IS 1 ©!6&i©^fig-e^fc1fi-&3 >^7^T>XS& 

fNR«:»-r*s*i*war*) fc&sc «r©^2 1 
«rojfg!&i!R0«a-r s <fc 5 scs^^K^-r So 

[0 2 5 5] 

• • -S21 

rf#sc £^r^-5o 

[0 2 6 0 ] ±iaO/-c. 03 1 ©S 3 4 aTtirbftSM 
aiCD-y-^U-^^S. 03 9©S 2 0 O&^US 2 0 6 

sci^f o 

[0261] ±iesca-3^r. ^EiEaflua^fiaBasflt 

ffl (03 1 7Q- • h©S 3 8SCta^) (C*5t,> 

r. fiillftedbv. Z#iffcf)i»l«li9db 

z . m 1 S¥Xfi«8 0 1 x. IS 1 £¥Yf*«£l 0 1 
y. Iimilfteiz. »2JE¥Xli«ft6>2 
x. l2£¥YWft9 2y. »2J£fZi«fte2z 

isy'^ A T >x «rf^oS^Mi«33M*iE^K:fie -5 r B 

So 

[ 0 2 6 2 ] * 3 ©H*t©^JIRtt±IB©*n < . H^Jg 

^-y>h©z^ (»it(i*t>»)©fis») sc^t-rs 
flrcifi^f^a. ^scjn^r. zf***>«3H*@SJi 

K»ScaH-r-SH-&JE¥^JS^*"^> h © Z jS^©Si«ti 
^WftiJ-T £ c £ . J: o r WS^Kin ^ ^ h <omm 

[0 2 6 3 ] 3 6SCS*. H 3 2 SC^L/c^SgH^JfflUS: 
£^tf5£#f>. SM£TS^8gSC»oTffl)e^<P« 

[0 2 6 4 ] ft. m3©*JS©ff^SCte^T. 

i o o . aefig • mm ■ ^mm^ 102^ 

S^J*-^> l-(DZi^Mdmd z =&^*fcS*-€-©)fi^ 

sc@^-r s /cs^ft . ^ss^^t- ^ > h © z ^sc 
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[ o 2 6 5 3 mi bm 3 ©3w©«a»T?ra±e©*n 
mm do, 12, 1 4R (D ) ^/r-uraig^n-s 

i&fc, *©jyWcifif2©l»fflS (1 8. 2 0R(L>) 

*^-uraassn*aw (S¥2 2r (d > 

flSK^: (2*) ©Wgf5 iB»V>92) ipt>l3;&m&» 

■dajjf? h©MSJS£BCcfoi>t\ Hfrsep**? h©4>&< 

(@s±*(4a-^. t. msz io 

Jg^J. S«£fleK#>frl>j& ( = StZMP) ) *SJ>&< 
(#§£f£S, S10*6S22), MB£A3tVlt$ 

^©^s^j^B^iBJSSBw-en-enic^ffi u/ct t ©ftr 
iEua»±©ffffittJ^yt* Btraflsfcsft4i<frj£ oil 

( BHW2E2;#ES. S 2 4 , S 2 6 ) . MIB 

«*s»fftm*a (6$^-fe>-y-4 4. 3i#stojs^ 20 
teas. S32). miasms nfcjS5Rs^*stuiB»ffl 

h (H^nJE^FfKiS^J^-^O hMa c t x, y, z) 

* #tti u 4>«c < £ *> Miasm snfc*-y>h(ci'3 

0»rWEjaaJ*EBR3-tt5iaKM (WWIittfte d b 
v, z. »nfififift9nx, y, z) ^^"TSS 

S 3 2#»6 S 3 4. S 3 4 a. HHRtfltAftSas. In 

a^wsHRftiJaeaiJ. s i o o #>e> s i o 8 mo's 2 0 

0 6 s 2 0 6 ) , itafa&^S ftfcsgfliaiKfi&cS-ov 30 
r fl3riasgis©fta*j <£ x$/ 1 fc «^*s@(s-r 5 J; 5 cc 

8 , s4o, «iEg«s¥tta • ^smsp) . 

t>\ SuiaftfiES nfcaa?©{ia • ^s&ccs-^-cfsnan 

tf's- h©®l*$«fcoe»2©BlfBS ( 1 0. 12, 14. 1 
8, 2 OR (L) ) &SHa3-tf-&Klfli3gt4#a (Utf v 

n-7 v S40, S4 2) 5 (CfltoSLfc. 

C0 26 6]ite, il>S:<ifeift(±»2 4) i. At 40 
8E*f*{Cfli 1 ©H» ( 1 0 . 12, 14R(L))4^ 
L-rasiSSnSiftK:. *©5fc»K:l&2©W» (18, 

2 or (D ) fcrt-oraassnsjaai (a¥2 2R 
(d ) **>tfcaw:*: (2*) onu <jwapy>d» 
2) *>6^5Wst^ttP5j<y h i ©wauiiatcte^-r, 
Mia a # v h <D'pt£ < i h wtaasp© sn^a** J: 

(@«±i*&a-^. ssa¥ 
&a-ss») £, HoiBP*"^ h«cfpffl-rs^j»s^©s 

fZMP) ) £d>&< ifc^tffuian*"? h©2s§££ 50 
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Efc-T (*§^H, S-10*6S2 

2) , 8triE*jK3nfc^s©^flis**«riaaaB©e*i 
S24) , wBjaaj(cffffl-r**«s* (*^a¥«js 

^J) *tftfflT£SBRK2rtftm3M8 (6#^-fe>^4 4, 
^ftJE¥fltS*fftUl». S 3 2 ) , 4>& < t feffilBtttH 

$ ft ttM^ti ifriaa^P* mis 3 # & hiks 

y, z) *«£**fi»EiraKfcJE*R («^3>7*^ 
-/T>XStlfPi*SSI3, S32, S34, S34a. SUP 
fflHUfWBE*. UnfifiWftSa, S100*6S 

i o sfcj^s 2oo*>6S206) , miia^sn/c 

>7'^^T>>!.K)fpi*sgp, S3 8, S40, miEmn 
fia • ^{cs-^x^rfflriap*" » h©» 1 *5«ti>*lS2© 

Mfp(10, 12, 14, 18, 2 0 R ( L) ) 
^^X?g#g|5) , ^ferJ>hP-^ > S4 2) 

[0 26 7] BfriassiKia • ^^«iE^m«, w 
ia^ 3 ti /c£gi5inigMica-5" o > x Hfriasgi5©{igfc- i 

jS*«^«-e©iEflF**>')«ciaK-r4J:^tc. Miaas 
[0268] 36k, man #9 vic9mtcftm?&± 

W.m.-t5^-ji^Y (J:»3iES6Jc»^e-^> h^PQi * 

Flact +PQ2 *F2act +rtLact +M2act). $/cSif«IBP 

Yicmmcftm-?&±mfxj3<D*:--s<>\- (pql * 

Flact +PQ2 *F2act +Mlact +M2act ) *>6MfBS.SR 
(Cfpfflf SJEfcJS;^-.^ h (Mlact +M2act)^riS@b 
Tfffc*-^ > h (Mflf2act=PCJL* Flact + 
PQ2 *F2act ) ©l^tv^Sr^UJ L/» < £4>l?fB# 

ffi$*ifc*-^> htcf&DrtflfBfiap^Sb 3 

Kfldbv, z ) tmss.n&mabm^mst <ts 

^■3>'7'7'( , r>X«jf / P^gP. S34, S34a, W 
WfflflUft^SP. S100*»6S10 8, S 200*6 

s 2 o 6 ) mifaaastea • saHKE^at*. l? 
iai*^ § n /cs§Piafsfifc o'frte^^ 3 ft td&wm. cc 
ae-j ir > r if iaasi5©{4afc j: * itmrnzmiE-? z> 

[0 26 9] ttc. MIB^Jg*©StI^*5?->5<:#Jn 
Mdmd) SWaa«Hl(g«i*5e*®feJ:iy/* 

3itBWEjEaiJ»suKfce*a«. i>&< Miasms 
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fc<fc Zf/$.tcU&mm.%:ffig.-t -5(834, S34a. 
S100*6S108, S 2 0 0*>6S 2 0 6) £n< 

mi, tc 

[0270] s/c, mtmm&mm®±mKt>*:-~ * 

>h%:> 4>&< i^HUIBP^f V<Dffi.$mg: (d e r r 
x, y ) &tS"3VT5l?#>S ( S 2 8 , S3 0a)*P<1§ 

[0271] mzmm&mi mm.±m^jj * - ^ io 

> h£> ii>&< £&tiffBnzK^ h©3-l/- h (0 e r 
r z , dflerrz/dt) ic3i"^T3j<s?>& ( S 2 
8, S 3 0 a) J^itfltf&Ufc, 

[0272] ttc, mimm^mmm^mK-ts^- * 

*-3Vr*is&-5 ( S 2 8 , S 3 0 a ) #U< ffif&Vtc 

[0273] sfc, mmmmzmtwfcikmfxt)*- j 

>l (ffiWL±faWlM d m d ) ©4J©BFf^©JS^ (Md 

m d z ) zmstcte^o&imcm.iE.-f&j: *> imi&v 20 

fco 

[0274] *7t. suiB^&g • mmmiEmmu, m 
[0275] tfc. H«iasapiiite«^*is*ij;o o /s 

$ ti 5 J; 5 (c . lift BJEgpcDIslfES** J; tf/ * fc«i&lbfi 

(S34, S34a. S100*>6S10 
8, S2 0 0*>6S2 0 6)iP<i^L.fc. 30 
[0 27 6 ] Sfc. 4>&< £&»{* (±#24) £> 15 

learned i omm < 1 o . 12, ur (d ) 

braMS^n^iftic:, ^-o^fc^ 2 ©RW5 ( 1 8, 

2 or (D ) *^Lrasi$n4jaap (j£¥2 2R 
(d ) *mz.tdm& (2*) ©was muv^* 
2) frfc&swz^s&ntff? h 1 ©aasiKfe^t. 

BSrsB v. # v v <D'pt£ < £ mrs asiSR© a® ffi a& J: cm 
»* < * - > (a «±f«m • . a 

(a«^JS73. SM^EtcSAtfi^ 40 

f&gm&m-®. s 1 o#>6 s 2 2 , s 

24) , BfrlBO^'^ t- <Dmm : £&it<Dtcl?><DffiM±mK 

t) (.wt*£9a&jM d m d ) m-r ^m^mtmm. 
±mmj)W. m^rn immmmmsm®!.. s 3 0 , s 
30a), mmg.mti'fm-? zmmtxij m&&¥-mfx. 

4. ggsjs^PHcs^tfttas. S3 2) . t?faa«^<D 

(a#*S^@B^ S3 4, S34a, S100>0>£> 50 
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S104, S2 00*6S20 2), BUfB^IBSnfcS 

***§©ficK# £ti«*jg* £ itrta^a ^ ntc&smm 
n/c a*§j£§M£gte «fe E^cntcs-A >r*Eo>K? kd 

Hl*5.J:0*fg2©|18gB (1 0, 12, 14, 18, 2 0 

JSMBJ^*^ (^ 7 f^ ^x?g#ai5) . ^fi3>hn 

— 3\ S40, S42) *«A-5in<1ilSLfc. 
[0 27 7 ] 4fc, BftBlfciE^att. tiffany h©sg 

^s^tcs-3i,i-CBMiaa®^s©sa5©&g*$J: o/s 
[0278] (sa, ±mvtcm 1 u^3 ©jus©^® 

[0 27 9] •C-©KSe^ffiW*J(JlT«:9»H6T4. iUffM 

II!««$tK:&6#5> ifi^KJi^rit S^P^HIES-ST 

£*i-ct€>. fio, t^-rn©*scT*-5r^, s¥@is 

[ 0 2 8 0 ] ^iS 1 ) h £§J£^g^J* 

«iEa«ss¥*s*tti^£B^ fio. miEmm 

IS«*«6ifil7Lttl,»«fc5K:8B&r*. 

[0 28 HSS2) ffloeut:i»sja^*««©a« 

^jS**at>. -e©^ £ fct*£© BK4>'C^[(c 

[0 282]^3) *&JE¥J*JK#*>6*&£¥J5kK 
[0283]fS4)?Sl^63 CC*tf fc«4lH(E<ti 

*Mi«M'<»a«S'ja¥Ji5S^'t>i£;^a£©rt*»€.tB»© 

ttMsa^v ^©ftia^ojSiBiR^&iSi-r*. 
[0284]^. ±iatc*ji>r . &mmffl&<Ds.j]ft 

m<D— «ic:ft©JE#j&s$&£t,fri»|Rr). -i-«c*>fe*HI* 

[0 28 5] ilBOfc^ 1 &(,:> L,m3<omM<DB 
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2 1 4 2 6 O^-CjiieUfciftft^^^S^ffl^rW 
[0 28 6 ] B«US¥{£!! • £m®3M.$:MBt / CBlET -5 

ft < & & fc-enas* -g>o c © <t 5 ft*§^c » , ±femt io 

«ft< ft£„ 

[0 28 7] ±fBCfcS[l 1 ft(,> L 3 ©*Sfe©ff£ 

f*3&*«< C iiCt-p-CSD^HMT©^ • £»©m 
MWt««ft 6dbv is£U&E?m9.n 9 n x . 0 

[0 28 8] JWfcWCCB &©J: ±{t<Dmmm^ 20 
©XJ&&0 e r r x> YJ&9-0 err y <biugB^ 

v^ffl^trffliE-rs. hp 5. mm^mmmnikm^m 
tefcfe©4»tsw«fte db vt-r*. 

A 0 dbv = -(0 errx * Vx + 6 erry * Vy ) 
[0 28 9 ] Wa$©&£¥M«ft^#ftT-i#£ftfc!|! 

ft^*i0 err x&Sl^fcfcC^ScSrC^ 1 JE¥Xftfll 

ne i x, ®2S¥x««ftei 2xits. 
[0290] mmic^wwmnmm^m-vn^titcm 30 

lSfYfifleiy, »2fiiPYM«ft0 2y*»6-e 
n^tid err y*9H,»fct©*ft8t>r*lJETY*|fl| 
ftflly. *2S^YM«ft6i 2yi«„ ft, 11*11 

1 oiwb£cm 33i», c©ta«{cs-^i»ri»5„ 

[0 29 1 ] $fc s ±IBbfclS 1 ftl* LW 3 <DmM<Dm 
WW«MIBSS8ili«fc 0 f f db vttft^gl,). BP*3. 

$W&^ffi«ft©£I#SE£#B&l.T 

[0 29 2 ] .LIB 0 fclg 1 ^CC> LIS 3 ©JIJ§©J15 

»tc*si,»r. M«fK£iS<T£^:#ft^Ji^(;<:tt, 40 

iBfifiTxafl^wflMie f f 1 xtt«-ctm>. bp 

[0 29 3 ] £/c, ±IBL/-c^ 1 ftl> Lm3<DmM<DB 

©ifJjDS^Md m d fCgHT A* < TtlSS^ftS. 
[0 29 4] ^JWLftt^®tK&©^b&C#^.g>P/-?.X 
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[0 29 5 ] £ fc, Jg&S¥KRb*> 6S¥©^«&t£SS 
(^^(^STIU^-K^^C^^M*©^^*^^ 
ftTt,>ftl>j&>ft<tr) *«B£U S*K!Bb&J& 6 
* T &f T * - y > h ©#&£ *«i W-T & ft £\ US 

[0 29 6 ] gfc, ±5BLfcH 1 ftt,> <D9m<DB 

mc *j 1 > r * v f - ^ 2 x © jj?©5$£ &t*& 
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